The molecu lar structures of 1 -t -butyl-3,5-d imethyl-2,4,6-trinitrobenzene, 1 -t -butyl-3,4,5-trimethyl -2'6 -dinitrobenzene, and 1 -t-butyl-4-acetyl-3,5-dimethyl-2,6-dinitrobenzene have been determined by single-crystal X-ray analyses with a view to establishing a structure-reactivity relationship in the photochemical intramolecular hydrogen-abstraction process in the solid state. The reactivity of these aromatic nitro compounds in the solid state has been rationalized in terms of relevant intramolecular geometrical parameters as well as intermolecular packing considerations. leading to 3H-indole 1-oxides as the final products (Scheme). Owing to both their thermal and photochemical instability, the N-oxides (4) have, however, not been isolated in most cases. Instead, the hydroxamic acids (S), derived from the hydrates of (4) by dehydrogenation, are generally obtained along with products of deoxygenation or isomerization of (4). Although this kind of photocyclization is not shown by most electron-donorsubstituted 2-nitro-t-butylbenzenes which lack lowlying n,n* excited states, compounds (6)--(8)4 (Scheme) show photobehaviour similar to that of (1). Furthermore, solid representatives of as well as compounds (6)--(8) have been successfully converted into hydroxamic acids (5) by irradiation of their crystals followed by alkaline oxidative workup.4 It is noteworthy that compounds (6)--(8) do not undergo intramolecular hydrogen abstraction from the benzylic methyl groups, a normal photoreaction of ortho-nitrotoluenes,6 to any measurable extent. Instead, intramolecular abstraction from the non-activated P-position of the t-butyl group is clearly preferred. In this connection, we have carried out X-ray crystallographic studies on (6)--(8) aimed at gathering information about the photochemical hydrogen-abstraction process of aromatic nitro compounds. The correlation of solidstate chemical reactivity with X-ray crystal structure data has provided valuable insight into a variety of organic reaction types. In this connection, it may be noted that the correlation of X-ray structure with reactivity in the photochemical intramolecular hydrogen abstraction of ketones has been recently examined by Scheffer et af. and Trotter.' Conclusions drawn from the present study are also expected to be of general interest. Results pertaining to structure and solid-state reactivity of (6)--(8) are discussed.
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Results and Discussion
One would anticipate that the ideal geometry for the hydrogen abstraction by the nn* excited nitro group would be the following. In general, for a hydrogen atom to be abstracted by the oxygen atom of the nitro group, the favourable condition is an 0 H distance less than the sum of the van der Waals radii of these two atoms with the C-H bond in the plane of the nitro group. Since the abstraction involves the nn* excited state of the nitro group, in which the new 0 -H bond is formed using the half occupied oxygen n-orbital, the ideal values for the intramolecular angles C-H 0 and N-O H should be 180" and 90°, respectively. The next step, which involves the combination of the resulting C and N radical centres in (2) to yield (3) (Scheme) will again be favoured by a C 9 . . N intramolecular contact less than the sum of the van der Waals radii of C and N atoms. Structural details of (6)-(8), based on our X-ray crystallographic studies and relevant for the photochemical process under consideration, are summarized below. The general numbering scheme for the groups involved in the reaction (the t-butyl group and the two orrho-nitro groups) is shown in Figure 1 for (a), (7) , and molecules A, B, and D of (8) [the unit cell of (8) contains four independent molecules in the asymmetric unit] and in Figure 2 for molecule C of (8) . Intramolecular geometrical parameters obtained from X-ray crystallographic studies involving (i) hydrogens of the t-butyl group and oxygens of the two adjacent nitro groups ( < 3 A), (ii) methyl carbon atoms of the t-butyl group and nitrogen atoms of the nitro group, (iii) the intramolecular C-H 0 angles, and (iv) the intramolecular N-O H angles, are provided in Tables 1,2,3 , and 4 respectively, for (6), (7), and molecules A, B, and D of (8), and in Table 6 for molecule C of (8) .
For the sake of brevity, only the results of (6) are discussed at length and those of (7) and (8) are appropriately highlighted. Nitro groups in (6)--(8) in principle can be expected to abstract a hydrogen either from the t-butyl group or from the benzylic methyl group. Based on the assumption that short intramolecular 0 -0 H contacts would favour hydrogen abstraction, eight possibilities for hydrogen-abstraction from the t-butyl group by two adjacent nitro groups exist in the case of (6) ( Table 1) . But when we consider the geometrical requirement for such a hydrogen-abstraction reaction, i.e. the C-H 0 and N-0 H angles (Tables 3 and 4 respectively), the eight possibilities are reduced to two: H(91) could be abstracted by 0 ( 1 ) and H(93) by O(3). This reduction in number, based on structural parameters, is remarkable considering the fact that there are 36 possible modes of hydrogen abstraction. Additional evidence for the choice of the above two sets of atoms comes from the following consideration. Hypothetical points were fixed in the direction of the " Ideal value of 0 -HY P --H = 180". The values outside the parentheses correspond to N-O HYP = 90" and those inside to N-O HYP = 120". Table 6 . Intramolecular geometric parameters for molecule C of (8) 0 H Contacts
For numbering scheme, see Figure 2 Table 5 . Even though these values deviate from collinearity for the above two choices, the deviations are more for the other six sets. Similar calculations under the supposition that the non-bonding orbitals may be orientated at 120" instead of 90" were also carried out and the results are substantially the same as those for the 90" calculation. We attempted to explore whether it would be possible to make a unique identification of the hydrogen being abstracted. The intramolecular geometrical criteria do not seem to provide any information regarding this, the reason being that the methyl group under consideration, i.e. 9-Me, is nearly symmetrical with TI& 7. Sum of (do -dJ2 for rotation of the t-butyl group-compounds (6) and (7)
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Compd. (7) Table 9 . Crystal data for compounds (6), (7), and (8)
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Space group M, respect to the two ortho nitro groups. Therefore, it was felt that the consideration of the next step, namely the combination of the radical centres in (2) (Scheme), may provide a useful clue. For an ideal reaction one would expect that the distance between the radical centres in (2) would be short. In terms of the ground-state structure of (a), in order to obtain the observed product it would be desirable to have a distance less than the sum of the van der Waals radii for C (9) N(l) and C(9) N(2). However, these distances are quite large as shown in Table  2 . It should be kept in mind that the geometry and structure of the diradical (2) would be expected to differ from that of the ground-state molecules and the conclusions drawn based on the latter may be taken as only a rough guide in explaining the solid-state reactivity. 
I07.4(2) C( 1 t C ( 7 k C ( 9 ) 1 I2.8 (2) c ( c (4) Figure 3 . Actual geometry of hydrogen abstraction for compound (6) In order for the C and N radicals to combine after initial hydrogen abstraction, the t-butyl group has to undergo a rotation about the C(l)-C(7) bond either in the positive or in the negative direction. It is relevant to mention that there is nonrigid librational motion about the vectors C ( 1 )-C( 7),  C(2kN(2), and C(6)-N( 1) with amplitudes 6.2(5), 6.7( 1 l), and  6.8( 1 1) degrees, respectively. The thermal motion analysis program THMB developed by Trueblood8 was used for this analysis. Rotation in the positive direction would bring C(9) into the proximity of N( 1) and rotation in the negative direction would bring C(9) nearer to N(2). The hydrogen atoms that would be abstracted in these two cases are different and they are H(91) by 0(1) and H(93) by 0(3), respectively. Now the question is whether such a rotation will be tolerated by the environment in the crystal lattice and if so in which direction the rotation about C( 1)-C (7) is preferred. Here Considerations of the intermolecular interactions would be relevant. Intermolecular short contacts were calculated for the rotation of the t-butyl group in both directions at 5" intervals and this was calculated up to Ifi30", as this much rotation is sufficient to bring the C and N radicals close enough to interact. Intermolecular van der Waals energies were not computed for these rotations. Instead the sum S = X (do -d,)2 was calculated for each of these rotations (Table 7) , where do is the standard value of van der Waal's sum for different atom pairs, and d, is the corresponding intermolecular short contact on rotation of the t-butyl group. This criterion was employed by Williams9 for the solution of crystal structures with known molecular structures and lattice dimensions. It is reasonable to expect that the smaller S corresponds to the energetically more favourable situation. Thus the greater value of S for the rotation by -30 suggests that the rotation in the positive direction is more favourable in the solid state and this brings C(9) into the proximity of N( 1) for radical combination. It therefore seems reasonable to conclude that in crystals of (6), the most probable reaction is abstraction of H(91) by O(1) followed by combination of C(9) and N(1) radicals. Figure 3 shows the actual geometry for hydrogen abstraction in compound (6) . It may be emphasized that the intramolecular C-H ... 0 and N-0 H angles between the hydrogens of the benzylic methyl groups and the nitro groups show that the nitro groups cannot interact with the benzylic methyl groups in the solid state, the values obtained for the appropriate angles being much less favourable than those involving the t-butyl group protons and adjacent nitro groups. The conclusions derived from crystallographic data are in agreement with the experimental observation^.^ Following a similar approach, it is concluded that, for compound (7), abstraction of H(91) by O( 1) followed by bond formation between C(9) and N( 1) leads to the product. The nonrigid librational motion about the vectors C( 1 )-C(7), C(2)-N(2), and C(6)-N( 1) in compound (7) is '7.0( 15), 8.8(9) , and 8.0( 10) degrees, respectively. The sum C (do -d,)' for rotation in both directions is given in Table 7 .
Compound (8) contains four independent molecules in the asymmetric unit, and the relative geometries of the reacting groups (the t-butyl and the two orrho-nitro groups) for molecules A, B, and D are the same as that of compound (6) and (7). Consequently, all generalizations made for (6) and (7) are applicable for molecules A, B, and D of (8) . Regarding molecule C of (8), the orientation of the t-butyl group with respect to the phenyl ring is different from that of the other three molecules of the same compound and also from that in (6) and (7) as indicated by the torsional angles ( Table 8 ). As seen in Table 6 , there are only five 0 H contacts less than 3 A for molecule C of (8). When we consider the relative orientation of the C-H and N-0 groups (Table 6 ) they are quite favourable for two sets of atoms: (i) O(1) with H(81) and (ii) O(2) with H(93), two nearly symmetrical possibilities. But when we take into consideration the distance (0 9 H and C N) as well as directional criteria (C-H . O and N-O H) it is most probably the hydrogen H(103) which would be abstracted by 0(3), followed by the combination of C ( 10) and N(2) ( Table 6) .
Regarding compound (8), it may be mentioned that the accuracy of the structural parameters is much less than that of compounds (6) and (7). Furthermore, it has been found that the non-rigid librational motion about the C( 1)-C(7) vector in molecule C of compound (8) is much larger [25.9(9)"] than in other molecules in the asymmetric unit which tend to have a value of ca. 6.8". Thus, it seems difficult to arrive at definite conclusions about the hydrogen being abstracted in molecule C of compound (8) .
The results presented in this paper show that there can be some specificity in the hydrogen-abstraction reactions of nitro compounds (6)-(8). It is obvious that one cannot experimentally demonstrate the specificity implied from our analyses. However, we hope that the considerations in this study are general and will be useful in analysing more demanding situations.
Experimental
The details of irradiation of the above compounds and isolation of the products have been reported ear lie^.^ Colourless crystals were obtained by slow evaporation of an ethyl acetate solution of (6) (l-t-butyI-3,5-dimethyl-2,4,6-trinitrobenzene, 'musk xylene'), (lit.,4 m.p. 112-1 13 "C). and of a benzene solution of both (7) ( 1 -t-butyl-3,4,5-trimethyl-2,6-dinitrobenzene, 'musk tibetene'), (lit.,4 m.p. 138 "C), and (8) (1 -tbutyl-4-acetyl-3,5-dimethyl-2,6-dinitrobenzene, 'musk ketone'), (lit.,4 m.p. 137 "C). The cell constants and possible space groups were obtained from oscillation and Weissenberg photographs. Accurate cell dimensions and intensity data were obtained from an Enraf-Nonius CAD-4 diffractometer using either monochromated Cu-K, radiation [for (7)] or monochromated Mo-K , radiation [for (6) and (a)] in 0/20 scan mode. Three standard reflections were measured for every sixty reflections and no significant changes in the intensities of these reflections were observed.
All the structures were solved by the direct methods program MULTAN-80. l o Isotropic least-squares refinement and further refinement with anisotropic thermal parameters for (6) and (7) was carried out using SHELX-76.' ' Hydrogen atoms were initially fixed using difference Fourier synthesis and refined for positional and isotropic thermal parameters.
Compound (8) contains four independent molecules in the asymmetric unit. The first E-map gave 78 non-hydrogens out of the 84 for the four molecules. The remaining 6 atoms were fixed at stereochemically reasonable positions. All the 72 hydrogens of the four molecules were also fixed stereochemically. Refinement of the positional and anisotropic thermal parameters of non-hydrogens and isotropic thermal parameters for hydrogens was carried out by the block diagonal leastsquares program SFLS '' written by Shiono and modified by B. S. Reddy. Hamilton's I' significance test was applied to assess whether hydrogen atoms could be refined. The refinement of hydrogens was significant even at the 0.57; level. The details of the refinement are given in Table 9 . It may be mentioned that the accuracy of the structure determination of compound (8) is much less than that of compounds (6) and (7). Final positional parameters of the non-hydrogen atoms are listed in Table 10 , bond lengths in Table 11 , and bond angles in Table 12.  Numbering schemes relevant to Tables 10, 11 , and 12 are shown in Figures 4-6 . The crystal structures are solely stabilized by van der Waals forces, having no intermolecular hydrogen bonds. The packing arrangements of the molecules of compounds (6)- (8) are illustrated in Figures 7-9 , respectively. Illustrations were made by PLUT0.14 Tables of anisotropic thermal parameters, parameters of hydrogen atoms, and selected bond lengths and angles are available as a Supplementary Publication [SUP No. 56512 (23 P P J *
